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Abstract 
,QRUGHUWRDFKLHYHDVHFXUHFRXQWU\PDQ\VHFXULW\SROLFLHVDQGVWUDWHJLHVKDYHEHHQLPSOHPHQWHGDQGQXPHURXVVHFXULW\IRUFHV
KDYHEHHQ HQOLVWHG VXFK DV UHJXODUSROLFH IRUFHV$UP\ DQG1DY\ DPRQJRWKHUV(DFK VHFXULW\ IRUFHKDVGLIIHUHQW UROHV DQG
UHVSRQVLELOLWLHV2QHLPSRUWDQWDUHDRIFRQFHUQUHODWHGWRQDWLRQDOVHFXULW\LVERUGHUVHFXULW\%RUGHUSURWHFWLRQLVDFKDOOHQJLQJ
SUREOHPGXHWRWKHGLIIHUHQWW\SHVRILOOHJDODFWLYLW\WKDWPXVWWREHFRQWUROOHGVXFKDVGUXJVPXJJOLQJWHUURULVWDWWDFNVLOOHJDO
LPPLJUDWLRQHWF2QHFRPPRQDSSURDFKWRDFKLHYHERUGHUVHFXULW\LVSDWUROOLQJ3DWUROOLQJFDQEHGHILQHGDVWKHDFWRIWUDYHOLQJ
DQDUHDLQUHJXODULQWHUYDOVLQRUGHUWRVHFXUHLWDJDLQVWGLIIHUHQWWKUHDWV7KLVSDSHUSUHVHQWVDK\EULGPHWKRGWKDWFRPELQHVDQ
HYROXWLRQDU\ DSSURDFK DQG JDPH WKHRU\ FRQFHSWV LQ RUGHU WR GHILQH WKH PXOWLDJHQW SDWUROOLQJ VWUDWHJ\ WKDW VLPXOWDQHRXVO\
RSWLPL]HVPD[LPXPLGOHQHVVLQILOWUDWLRQUDWLRDQGWRWDOSDWUROOLQJFRVW

.H\ZRUGV'HVLFLRQ0DNLQJ0XOWL2EMHFWLYH2SWLPL]DWLRQ*DPH7KHRU\
1. Introduction & Background 

3URYLGHVHFXULW\WRSHRSOHLVRQHRIWKHPRVWLPSRUWDQWFRQFHUQVIRUDOOJRYHUQPHQWVRUVHFXULW\DJHQWVDURXQG
WKHZRUOG+RZHYHUSURYLGHSURWHFWLRQIRUDLUSRUWVKLVWRULFDOODQGPDUNVRUQDWLRQDOERUGHUVDUHDYHU\FKDOOHQJLQJ
WDVNIRUDQ\SROLFHIRUFHRUVHFXULW\DJHQFLHV>@7KHSURWHFWLRQRIWKHVHLPSRUWDQWORFDWLRQVLQFOXGHVWDVNVVXFKDV
PRQLWRULQJDOOHQWUDQFHVRULQERXQGURDGVDQGFKHFNLQJLQERXQGWUDI¿F1DWLRQDOERUGHUVUHSUHVHQWVDFULWLFDODUHDWR
EHSURWHFWHGEHFDXVHLVWKURXJKERUGHUZKHUHDUPVGUXJRUPRQH\FDQEHLQWURGXFHGLQWRWKHFRXQWU\LOOHJDOO\

7KHSDWUROOLQJSUREOHPKDVEHHQDGGUHVVHGLQWKHSDVWLQGLIIHUHQWZD\V)RULQVWDQFH0DFKDGRHWDO>@
SUHVHQWVDQHPSLULFDODSSURDFKWRWKHPXOWLDJHQWSDWUROOLQJSUREOHP&KHYDOH\UH>@GHVFULEHVDWKHRUHWLFDO
DSSURDFKWRWKHSUREOHP7KHSUREOHPLVFRQVLGHUHGD13+DUG1RQGHWHUPLQLVWLFSRO\QRPLDOWLPHKDUGSUREOHP
6HYHUDOPHWKRGVKDYHEHHQGHYHORSHGLQRUGHUWRVROYHWKLVFKDOOHQJLQJSUREOHP*ODGHWDO>@SUHVHQWVD
WKHRUHWLFDOVWXG\WKDWDGGUHVVHVWKHSUREOHPRISDWUROOLQJDQXQNQRZQHQYLURQPHQWXVLQJDQWFRORQ\RSWLPL]DWLRQ
$QRWKHU VLPLODU ZRUN WKDW DSSOLHV DQW FRORQ\ RSWLPL]DWLRQ ZDV SUHVHQWHG E\ /DXUL HW DO  >@ +LV ZRUN
FRPELQHV DQ HYROXWLRQDU\ DSSURDFK WR DQW FRORQ\RSWLPL]DWLRQ 7KHSDWUROOLQJSUREOHP LV DQDORJ WR WKHQHWZRUN
LQWHUGLFWLRQ SUREOHP ZKHUH WKH REMHFWLYH LV WR VWRS RU UHGXFH WKH IORZ RI WKH QHWZRUN VWRS WKH IORZ RI LOOHJDO
LQILOWUDWLRQ7KHUHLVDOVRVHYHUDOZRUNVUHODWHGWRWKLVWRSLFDSSOLHGLQVHFXULW\DSSOLFDWLRQV)RULQVWDQFH:RRG>@
SURSRVHGDQ LQWHJHUSURJUDPPLQJPRGHO WRUHGXFH WKH IORZRIGUXJV LQD ULYHUQHWZRUN$QRWKHUVLPLODUZRUN LQ
QHWZRUN LQWHUGLFWLRQ ZDV SUHVHQWHG E\ &RUPLFDQ HW DO >@7KH\ SUHVHQWV WKH QHWZRUN LQWHUGLFWLRQ SUREOHP DV
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VWRFKDVWLFSUREOHP$QRYHOUHVHDUFKSUHVHQWHGE\,VUDHOLDQG:RRG>@UHYLVHWKHSUREOHPRIFXWWLQJWKHDUFVLQD
QHWZRUNLQRUGHUWRPD[LPL]HWKHVKRUWHVWSDWKOHQJWK

7KH3DWUROOLQJSUREOHP LV FRQVLGHUHG DV D13+DUG 1RQGHWHUPLQLVWLFSRO\QRPLDO WLPHKDUGSUREOHP WKDW LV
YHU\GLIILFXOWWRVROYHDVWKHVL]HRIWKHDUHDWREHFRYHUHGJURZVXVLQJPDWKHPDWLFDORH[DFWVPHWKRGV6RPHRIWKH
PHWKRGRORJLHVWKDWKDYHEHHQSURSRVHGLQOLWHUDWXUHLQFOXGHKHXULVWLFPHWKRGV)RULQVWDQFH*ODGHWDO>@DGGUHVV
WKH SUREOHP RI SDWUROOLQJ DQ XQNQRZQ HQYLURQPHQW XVLQJ DQW FRORQ\ RSWLPL]DWLRQ /DXUL DQG .RXNDP >@
LPSOHPHQWVDOVRDDQWFRORQ\RSWLPL]DWLRQLQFOXGLQJVRPHHYROXWLRQDU\FRQFHSWVWRWKHLUZRUN
2QHRIWKHPRVWLPSRUWDQWFKDOOHQJHVWKDW%RUGHU3DWURODJHQF\IDFHVLVSUHGLFWDELOLW\$GYHUVDULHVFDQREVHUYH
VHFXULW\VWUDWHJLHVRYHUWLPHDQGH[SORLWDQ\SUHGLFWDEOHEHKDYLRUWRWKHLUDGYDQWDJH2QHRSWLRQWRGHDOZLWKWKLV
IDFWLVWRLQWURGXFHUDQGRPL]DWLRQWRWKHSDWUROOLQJWDVN$SSO\LQJJDPHWKHRU\VWUDWHJLHVLQRUGHUWRREWDLQEHVW
VXLWDEOHSDWUROOLQJVWUDWHJLHVLVDQRWKHUDSSURDFKWKDWKDVEHHQXVHGIRUVHYHUDOUHVHDUFKHUVLQWKHSDVW)RULQVWDQFH
:DQJ>@SURSRVHVDQ(YROXWLRQDU\*DPHWKHRU\DSSURDFKWKDWIRFXVLQWKHIDFWWKDWLQPXOWLDJHQWV\VWHPVWKH
DFWLRQVRIRQHDJHQWDIIHFWVWKHDFWLRQIRURWKHUDJHQWVDQGIRFXVLQJLQLQYHVWLJDWHDQRSWLPDOFRRUGLQDWLRQDSSURDFK
IRUPXOWLDJHQWV\VWHPV3DUXFKXULDQG3HDUFH>@GHYHORSD+HXULVWLFDSSURDFKIRUVHFXULW\DJDLQVWPXOWLSOH
DGYHUVDULHVLQ6WDFNHOEHUJJDPHVLQWKHLUZRUNWKH\FRQVLGHUGRPDLQVZKHUHWUHDWVFRPHIURPXQNQRZQDGYHUVDULHV
DQGPRGHOWKRVHGRPDLQVDV%D\HVLDQJDPHVLQWKH\DSSURDFKWKHDJHQWFDQPD[LPL]HUHZDUGE\ILQGLQJDQRSWLPDO
VWUDWHJ\ZLWKRXWUHTXLULQJHTXLOLEULXP&RQVLGHULQJXQNQRZQDGYHUVDULHVLVYHU\LPSRUWDQWLQWKH3DWUROOLQJSUREOHP
EHFDXVHWKHYDULHW\RIWUHDWVVXFKDVLOOHJDOLQILOWUDWLRQGUXJVPXJJOLQJWHUURULVPHWF/XRHWDO>@DGGUHVVHVD
QHWZRUNVHFXULW\SUREOHPDOVRXVLQJDJDPHWKHRU\EDVHGDSSURDFK/XRV¶VZRUNWKHLQWHUDFWLRQVEHWZHHQDWWDFNHUV
DQGGHIHQGHUVDUHPRGHOHGDVDQRQFRRSHUDWLYHQRQ]HURVXPJDPHG\QDPLFJDPHZLWKLQFRPSOHWHLQIRUPDWLRQ
DQGXQFHUWDLQW\RIPXOWLVWDWHDWWDFNV
7KHOHDUQLQJSURFHVVLQDJDPHLVRQHRIWKHPRVWLPSRUWDQWDVSHFWVLQJDPHWKHRU\KRZERWKSOD\HUVOHDUQIURP
HDFKRWKHUGXULQJWLPH6DQWDQDHWDO>@DGGUHVVWKHPXOWLDJHQWSDWUROOLQJSUREOHPZLWKUHLQIRUFHPHQWOHDUQLQJ
,QWKHLUZRUNWKH\LQYHVWLJDWHWKHFUHDWLRQRIDGDSWLYHDJHQWVWKDWFDQOHDUQWRSDWUROXVLQJUHLQIRUFHPHQWOHDUQLQJ
WHFKQLTXHV,QRUGHUWRDSSO\WKHVHWHFKQLTXHVWKHWDVNZDVPRGHOHGDVD0DUNRY'HFLVLRQ3URFHVV0'3$QRWKHU
DSSURDFKWKHH[SORUHWKHFRRSHUDWLRQEHWZHHQDJHQWVLVWKHZRUNSURSRVHGE\3DVTXHOHWWLHWDO>@LQWKHLUZRUN
WKH\FRQVLGHUWKHSUREOHPRIILQGDQRSWLPDOPXOWLDJHQWWUDMHFWRULHVWRSDWURODFHUWDLQDUHDDQGSUHVHQWDKHXULVWLF
ZLWKSHUIRUPDQFHJXDUDQWHHVDQGDSSUR[LPDWLRQDOJRULWKPWRVROYHWKH13KDUGSDWUROOLQJSUREOHP
7KLVZRUNFRQVLGHUVWKHSDWUROOLQJSUREOHPDVDPXOWLSOHREMHFWLYHRSWLPL]DWLRQSUREOHP:HUHWKUHHGLIIHUHQW
REMHFWLYHZLOOEHRSWLPL]HGVLPXOWDQHRXVO\7KHPHWKRGXVHGLQWKLVZRUNWRVROYHWKHSURSRVHGPXOWLSOHREMHFWLYH
SDWUROOLQJSUREOHPLVDK\EULGDOJRULWKPWKDWFRPELQHVHYROXWLRQDU\DSSURDFKDQJDPHWKHRU\FRQFHSWVLQRUGHUWR
VHOHFWDQRSWLPDOPXOWLDJHQWSDWUROOLQJVWUDWHJ\7KHQH[WVHFWLRQZLOOEHIRFXVHGLQWKHGHVFULSWLRQRIWKHSUREOHP
DQGWKHREMHFWLYHVWKDWZLOOEHFRQVLGHUHGWREHRSWLPL]HG
2. Problem Description 

7KHREMHFWLYHRI WKHSDWUROOLQJWDVNLVWRVHFXUHDVSHFLILF ORFDWLRQ7KLVORFDWLRQRUDUHDFDQEHPRGHOOHGDVD
QHWZRUN*9(:KHUH9UHSUHVHQWVWKHVHWRISRLQWLQWKHDUHDWKDWZLOOEHVHFXUHE\DJHQWVDQG(UHSUHVHQWVWKHVHW
RISRVVLEOHURXWHVWKDWDQDJHQWXVHVWRWUDYHOIURPRQHSRLQWWRDQRWKHU,QRUGHUWREXLOGWKHQHWZRUNWREHSDWUROOHG
WKH ORFDWLRQVRUSRVLWLRQV IRUHDFKQRGH LQ WKHQHWZRUNDUHQHHGHG7KH WDVNRISDWUROOLQJFRQVLVWV LQDQDJHQWRU
JURXS RI DJHQWV WUDYHOLQJ WKURXJK WKH QHWZRUN LQ RUGHU WR VHFXUH DOO WKH QRGHV7KH REMHFWLYH RI WKLV SDSHU LV WR
GHYHORS DPRGHO LQRUGHU WR ILQG WKHRSWLPDOZD\ WKDW HDFK DJHQW KDV WRSDWURO WKH QHWZRUN LQRUGHU WRRSWLPL]H
VSHFLILFREMHFWLYHIXQFWLRQV
3DWUROOLQJ0RGHO
7RSDWUROLVOLWHUDOO\µµWKHDFWRIZDONLQJRUWUDYHOOLQJDURXQGDQDUHDQHWZRUNDWUHJXODULQWHUYDOVLQRUGHUWR
SURWHFWRUVXSHUYLVHLW¶¶>@/HW¶VFRQVLGHUVVWUDWHJ\VML IRUDSDWUROOLQJVWUDWHJ\ MSHUIRUPHGE\VLQJOHDJHQW L$
SDWUROOLQJ VWUDWHJ\ FRQVLVWV LQ D F\FOLF URXWH WKURXJK WKH QHWZRUN 7KHUHIRUH D PXOWLDJHQW VWUDWHJ\ LV JLYHQ E\
(TXDWLRQ
142   Oswaldo Aguirre and Heidi Taboada /  Procedia Computer Science  12 ( 2012 )  140 – 145 

x ^VLVL«VML«VSL`
:KHUH
x  PXOWLDJHQWSDWUROOLQJVWUDWHJ\
VML  SDWUROOLQJVWUDWHJ\URXWHMSHUIRUPHGE\DJHQWW\SHL
M  ,QGH[IRUWKHQXPEHURIVLQJOHDJHQWVWUDWHJ\M «S
L  $JHQWLQGH[ L «.
.  7RWDOQXPEHURIGLIIHUHQWW\SHRIDJHQWV

(DFKDJHQWLZLOOEHDVVLJQHGWRSHUIRUPDVSHFLILFSDWUROOLQJVWUDWHJ\M+RZHYHUQRWDOODJHQWVDUHWKHVDPH,Q
WKLVZRUN WKH SDWUROOLQJ SUREOHP LVPRGHOOHG DV DPXOWLDJHQW SDWUROOLQJ SUREOHPZKHUH HDFK DJHQW KDV GLIIHUHQW
FKDUDFWHULVWLFV WKDWDIIHFW WKHTXDOLW\RI WKHSDWUROOLQJ7KHVHFKDUDFWHULVWLFVDUHYHORFLW\RISDWUROOLQJDQGDJHQW¶V
FRVW9HFWRUaDOORFDWHWKHW\SHRIDJHQWWKDWZLOOEHSHUIRUPHGVSHFLILFURXWHVML)RULQVWDQFHa ^`PHDQV
WKDW VWUDWHJ\V LVSHUIRUPHGE\DQDJHQWW\SHRQH VWUDWHJ\ WZRVE\DJHQW W\SHDQGVWUDWHJ\VLV
SHUIRUPHGDJDLQE\DJHQWW\SH7KHREMHFWLYHRIWKHSURSRVHGSUREOHPLVWRVHOHFWWKHDJHQWVDQGDVVLJQWRHDFK
DJHQWDURXWHSDWUROOLQJVWUDWHJ\ WKDWRSWLPL]HVVSHFLILFSHUIRUPDQFHPHDVXUHYDOXH7KUHHGLIIHUHQWPHDVXUHV RU
REMHFWLYHV DUH XVHG WR GHILQH WKH TXDOLW\ RI WKH SDWUROOLQJ VWUDWHJ\ $OO WKH REMHFWLYHV ZLOO EH H[SODLQHG LQ QH[W
VHFWLRQV

x 0LQLPL]DWLRQRIWKHGHOD\EHWZHHQWZRFRQVHFXWLYHVYLVLWVRIDVSHFLILFSODFH:,x
x 0LQLPL]DWLRQRILQILOWUDWLRQUDWLRWKDWLVGHILQHGDVWKHVXFFHVVRIWKHGHIHQGHUWRFDXJKWWKHDWWDFNHU,5x
x 0LQLPL]DWLRQRIWRWDOFRVWRIDVSHFLILFSDWUROOLQJVWUDWHJ\7&x

:RUVW,GOHQHVV:,[

0D[LGOHQHVVFDQEHGHILQHGDVWKHELJJHVWLGOHQHVVDPRXQWWLPHWKDWDQRGHLVQRWYLVLWHGYDOXHWKDWRFFXUUHG
GXULQJWKHHQWLUHSDWUROOLQJSURFHVVIRUDOOWKHQRGHVIRUDOOWKHDJHQWV>@7KHYHFWRU\ ^7W7W7W9`
UHSUHVHQWVDOO WKH LGOH WLPHV IRU DOO WKHQRGHVIRUDVSHFLILFPXOWLDJHQWVWUDWHJ\x. 7KHUHIRUH WKHZRUVW LGOHQHVV LV
JLYHQE\(TXDWLRQ
:,x 0D[>\ ^7W7W7W9`@

,Q UHDO OLIH WKHDWWDFNHUKDV WKHDGYDQWDJH WR OHDUQ IURP WKHGHIHQGHUDQGRYRLG WREH FDXJKWE\ WKHGHIHQGHU
7KHUHIRUHDQRWKHUREMHFWLYHKDVWREHFRQVLGHUHGLQRUGHUWRLPSURYHWKHTXDOLW\RIWKHSDWUROOLQJVWUDWHJ\

,QILOWUDWLRQ5DWLR,5[

,WLVLPSRUWDQWWRUHPHPEHUWKDWWKHPDLQREMHFWLYHIRUWKHDWWDFNHULVWRFURVVWKHERUGHULIWKHDWWDFNHUDFKLHYHV
VSHFLILFSRLQW LQ WKHQHWZRUN WKHDWWDFNHUKDGEHHQVXFFHHGHG7KHDWWDFNHU VWUDWHJ\ LV GHILQHGE\YHFWRU r. (DFK
HOHPHQWRIYHFWRUrUHSUHVHQWVWKHSRLQWWKDWWKHDWWDFNHUWUDYHOLQRUGHUWRFURVVWKHERUGHU. 

7KHLQILOWUDWLRQUDWLR,5xLVHYDOXDWHGXVLQJDVLPXODWLRQWKDWJHQHUDWHVVHYHUDODWWDFNHUVDWGLIIHUHQWWLPHVDQG
WKHQFKHFNLQJLVSHUIRUPHG7KHFKHFNLQJFRQVLVWLQFRPSDUHERWKVWUDWHJLHVDWWDFNHUDQGGHIHQGHUDQGFKHFNLIWKH
DWWDFNHUDFKLHYHWDUJHWSRLQWZLWKRXWEHLQJFRPSXWHGE\WKHGHIHQGHU,IWKHGHIHQGHUIDLOVWRFDWFKWKHDWWDFNHUWKH
DWWDFNHUVXFFHHGV(DFKDJHQWVWUDWHJ\ZLOOEHFRPSDUHGDJDLQVWHDFKDWWDFNHUVWUDWHJ\7KH,5xZLOOEHJLYHQIRU
WKHDYHUDJHRIWKH,5RIVSHFLILFDJHQWVWUDWHJ\DJDLQVWDOOWKHDWWDFNHUV¶VWUDWHJLHV
7RWDO3DWUROOLQJ&RVW7&[

7KH WKLUG REMHFWLYH WR EH FRQVLGHUHG LV WKH WRWDO FRVW RI WKH SDWUROOLQJ WDVN (YHQ WKRXJK VHFXULW\ LV D YHU\
LPSRUWDQWDVSHFWKDYLQJKLJKVHFXULW\DWDORZHVWFRVWLVDOVRDYHU\LPSRUWDQWDVSHFWLQDQ\RSWLPL]DWLRQSUREOHP
7KH HYDOXDWLRQ RI WKLV REMHFWLYH FRQVLVWV LQ DGGLQJ WKH FRVW RI HDFK DJHQW LQYROYHG LQ WKH SDWUROOLQJ WDVN 7KH
HYDOXDWLRQ RI WKH WRWDO LV EDVLFDOO\ WKH VXPPDWLRQ RI WKH FRVW LQYROYHG WR XVH VSHFLILF DJHQW 7KH WRWDO FRVW LV
HYDOXDWHGE\(TXDWLRQ
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ܶܥሺሻ ൌ σ ܿሾܽሺ݊ሻሿ௣௡ୀଵ 
:KHUH
c = 6HWRIFRVWVIRUHDFKDJHQW
a    =    9HFWRUWKDWGHILQHVZKLFKDJHQWZLOOEHVHOHFWHGIRUDVSHFLILFSDWUROOLQJWDVN

7KHUHIRUH WKHSDWUROOLQJSUREOHPFRQVLGHUHGZDVEHFRPHLQWRDPXOWLSOHREMHFWLYHRSWLPL]DWLRQSUREOHPZKHUH
GLIIHUHQWREMHFWLYHVZDQWWREHRSWLPL]HGVLPXOWDQHRXVO\7KHPXOWLSOHREMHFWLYHRSWLPL]DWLRQSUREOHPWREHVROYHG
LVSUHVHQWHGLQ(TXDWLRQ
0LQ:,[0D[&5[7&[
ݏǤ ݐǤ
߳

3. Evolutionary Game Theory Algorithm 
,QRUGHUWRVROYHWKHPXOWLSOHREMHFWLYHVSDWUROOLQJSUREOHPSUHVHQWHGLQVHFWLRQ$QHYROXWLRQDU\JDPHWKHRU\
DOJRULWKPZDVGHYHORSHG(YROXWLRQDU\DOJRULWKPVKDYHSURYHQ WREHDEOH WRSHUIRUPZHOOZKHQVROYLQJFRPSOH[
13+DUGSUREOHPV(YHQWKRXJKWKHUHDUHFRXQWOHVVDOWHUQDWLYHVWRVROYHWKHVHW\SHVRISUREOHPVDK\EULGDSSURDFK
WKDW FRPELQHV HYROXWLRQDU\ DOJRULWKPV DQG JDPH WKHRU\ WHFKQLTXHVZDV VHOHFWHG WR VROYH WKH SUHVHQWHG SUREOHP
+RZHYHU D FRPSDULVRQ EHWZHHQ GLIIHUHQW VROXWLRQ PHWKRGV ZLOO EH FRQVLGHUHG DV SDUW RI IXWXUH UHVHDUFK  7KH
GHWDLOVRIWKHDOJRULWKPSURSRVHGDUHSUHVHQWHGQH[W
,QLWLDOL]DWLRQDQGHYDOXDWLRQ

7KHILUVWVWHSRIWKHDOJRULWKPLVWRJHQHUDWHDQLQLWLDOSRSXODWLRQIRUERWKSOD\HUVWKHGHIHQGHUDQGWKHDWWDFNHU
%RWKSRSXODWLRQVZHUHJHQHUDWHGUDQGRPO\LQRUGHUWRKDYHDYDULHW\RIJHQHWLFPDWHULDOLQWKHILUVWJHQHUDWLRQ7KHQ
WKHWKUHHREMHFWLYHVFRQVLGHUHGWREHRSWLPL]HGDUHHYDOXDWHGIRUHDFKSDWUROOLQJVWUDWHJ\JHQHUDWHG2QFHWKHWKUHH
REMHFWLYHVZHUHHYDOXDWHGQRQGRPLQDWHGSDWUROOLQJVWUDWHJLHVDQGDOODWWDFNHUVWUDWHJLHVDUHVHOHFWHGWRQH[WVWDJHIRU
WKHDOJRULWKP

6HOHFWLRQ. 

7KH REMHFWLYH RI WKLV VWDJH RI WKH DOJRULWKP LV WR VHOHFW WKH EHVW VROXWLRQV RI HDFK SRSXODWLRQ GHIHQGHU DQG
DWWDFNHU WRXQGHUJRFURVVRYHUDQGJHQHUDWH WKH LQGLYLGXDO IRUQH[W JHQHUDWLRQ7KH VHOHFWLRQ LVGLIIHUHQW IRUHDFK
SRSXODWLRQDQGERWKSURFHGXUHVDUHH[SODLQHGQH[W

x $WWDFNHU6HOHFWLRQ,QRUGHUWRVHOHFWZKLFKDWWDFNHUVWUDWHJLHVZLOOXQGHUJRFURVVRYHU$JDPHEHWZHHQDWWDFNHU
DQGGHIHQGHULVSHUIRUPHG,QRUGHUWRVROYHWKHJDPHLWHUDWHGHOLPLQDWLRQRIGRPLQDWHGVROXWLRQVLVXVHG7KH
PDLQLGHDRIWKLVWHFKQLTXHLVWRHOLPLQDWHDOOWKHVWUDWHJLHVDUHGRPLQDWHGIRURWKHUVWUDWHJLHV ,QJDPHWKHRU\
VWUDWHJLFGRPLQDQFHRFFXUVZKHQRQHVWUDWHJ\LVEHWWHUWKDQDQRWKHUVWUDWHJ\IRURQHSOD\HUQRPDWWHUKRZWKDW
SOD\HU
VRSSRQHQWVPD\SOD\7KHUHIRUHLWQRWPDNHVHQVHWRVHOHFWDVWUDWHJ\WKDWLVZRUVHWKDQRWKHUVWUDWHJ\
UHJDUGOHVVWKHGHFLVLRQRIWKHRWKHUSOD\HU

x 'HIHQGHU6HOHFWLRQ7ZRILWQHVVIXQFWLRQVDUHFRQVLGHUHGDVVKRZQLQ>@7KHPDLQLGHDIRUDILWQHVVIXQFWLRQ
LQHYROXWLRQDU\DOJRULWKPVLVWRPHDVXUHWKHTXDOLW\RIWKHUHSUHVHQWHGVROXWLRQV7KHILUVWILWQHVVPHWULFIxLV
DGRPLQDQFHFRXQWEDVHGPHWULF,WDLPVWRVHOHFWLQGLYLGXDOVZKLFKDUHPRUHGRPLQDWLQJLQWHQGHGWRDFKLHYH
SUR[LPLW\ :KLOH WKH VHFRQG ILWQHVV PHWULF Ix LV GLVWDQFHEDVHG 7KLV PHWULF LV LQWHQGHG WR PDLQWDLQ
SRSXODWLRQGLYHUVLW\6ROXWLRQVWKDWDUHIDUWKHUDZD\UHVSHFWLQJWRRWKHUVROXWLRQV(XFOLGLDQGLVWDQFHZLOOKDYH
EHWWHUILWQHVVYDOXHV)LQDOO\WKHWKLUGILWQHVVPHWULFXVHGLVWKHDJJUHJDWHGILWQHVVPHWULFIDx7KHDJJUHJDWHG
ILWQHVVPHWULF LV WKH UHVXOWRI WKH VXPRI ILWQHVVPHWULFSOXV ILWQHVVPHWULF IDx  I[ I[ ,W DLPV WR
ZHLJK ERWK PHWULFV HTXDOO\ 7KHQ WKH QRQGRPLQDWHG VROXWLRQV DUH UDQNHG EDVHG RQ WKLV DJJUHJDWHG ILWQHVV
PHWULFDQGVHOHFWHGWRWKHUHSURGXFWLRQVWHS
5HSURGXFWLRQ

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,QWKLVVHFWLRQWKHFXUUHQWUDQNHGVROXWLRQVIRUWKHSUHYLRXVVWHSGHIHQGHUDQGDWWDFNHUVWUDWHJLHVZLOOJHQHUDWH
WKHQHZLQGLYLGXDOV WKDWZLOOEHSDUWRI WKHQH[WJHQHUDWLRQ7KHUHFRPELQDWLRQPHWKRGXVHG LVFDOOHGVXEV\VWHP
URWDWLRQFURVVRYHU685&$OOWKHGHWDLOVRIWKH685&FDQEHFRQVXOWHGLQ>@7KHFURVVRYHURSHUDWRUXVHGZDV
DQGWKHPXWDWLRQRSHUDWRUZDV,QRUGHUWRSUHYHQWORVLQJJRRGVROXWLRQVDHOLWLVPRIZDVFRQVLGHUHG
$OOWKHGHWDLOVRIWKHVHSDUDPHWHUVFDQEHFRQVXOWHGLQ>@7KHQHZJHQHUDWLRQLVIRUPHGE\HOLWHSDUHQWVDQGQHZ
FKLOGUHQ 2QFH WKH QH[W JHQHUDWLRQ LV FRPSOHWHG WKH DOJRULWKP UHWXUQV WR WKH HYDOXDWLRQ VWDJH DQG UHSHDW WKH
SURFHGXUHXQWLOWKHVSHFLILHGQXPEHURIJHQHUDWLRQVLVUHDFKHG$WWKHHQGWKHODVWJHQHUDWLRQZLOOEHHYDOXDWHGDQG
WKHQRQGRPLQDWHGVROXWLRQZLOOEHVHOHFWHGDVDVROXWLRQRIWKHSUREOHP

4. Numerical example  
,QRUGHUWRVKRZWKHSHUIRUPDQFHRIWKHGHYHORSHGDOJRULWKPDWHVWQHWZRUNLVPRGHOHGLQRUGHUWREHSDWUROOHGE\
GLIIHUHQWDJHQWV7KLVH[DPSOHFRQVLGHUVDQHWZRUNZLWKQRGHVVWUDWHJLHVDQGGLIIHUHQWW\SHDJHQWVWRFKRRVH
IURP 7KH GDWD XVHG WR PRGHO WKH QHWZRUN DQG WKH FKDUDFWHULVWLFV IRU HDFK DJHQW DUH SUHVHQWHG LQ 7DEOH  7KH
DOJRULWKP ZDV FRGHG LQ 0$7/$% DQG SDUDPHWHUV XVHG LQ WKH DOJRULWKP DUH 3RSXODWLRQ VL]H   (OLWLVP 
&URVVRYHU 0XWDWLRQ DQG*HQHUDWLRQV 

7DEOH([DPSOH'DWD
$IWHUUXQWKHSURJUDPIRUJHQHUDWLRQD3DUHWRVHWRIVROXWLRQVZDVREWDLQHG6HH)LJXUH

)LJXUH3DUHWRVHWRIVROXWLRQV
(DFKSRLQWLQ)LJXUHUHSUHVHQWVDPXOWLDJHQWSDWUROOLQJVWUDWHJ\RUDSRVVLEOHVROXWLRQWRWKHSUREOHP,QRUGHUWR
VKRZRQHVROXWLRQWKHFORVHVWVROXWLRQWRWKHLGHDOSRLQW>LQDQRUPDOL]HGVSDFHZDVVHOHFWHG7KHREMHFWLYHV
IRUWKHVHOHFWHGVROXWLRQDUHWKHIROORZLQJ:,x VHJ,5[ 7&x )LJXUHVKRZVWKHURXWHVIRU
DOOWKHDJHQWVFRQVLGHUHGLQWKHSUREOHP


)LJXUH3DWUROOLQJVWUDWHJLHV
NODE 
# X Y
  
  
  
  
  
  
  
  
  
  
Agent # Cost Vel.
 10 6
 17 8
 23 11
 35 12
 40 13
&RRUGLQDWHVRI1RGHV $JHQW¶V&KDUDFWHULVWLFV
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
(DFKSLFWXUHUHSUHVHQWVWKHURXWHWKDWVSHFLILFDJHQWLZLOOIROORZWKURXJKWKHQHWZRUN)RULQVWDQFHVWUDWHJ\URXWH
ZLOOEHSHUIRUPHGE\DJHQWW\SHDQGWKLVDJHQWZLOOYLVLWQRGHV7KHODVWSLFWXUHUHSUHVHQWVDOOWKH
VWUDWHJLHVSHUIRUPHGDWWKHVDPHWLPH

5. Conclusions 
7KH SUHVHQW ZRUN FRQVLGHUV SURWHFWLQJ D VSHFLILF JHRJUDSKLF DUHD EHWZHHQ WZR FRXQWULHV 1DWLRQDO %RUGHU
DOORFDWLQJ GLIIHUHQW W\SH RI DJHQWV ZLWK GLIIHUHQW FKDUDFWHULVWLF 7KHVH DJHQWV ZLOO SHUIRUP VSHFLILF SDWUROOLQJ
VWUDWHJLHVURXWHVLQRUGHUWRVHFXUHDVSHFLILFORFDWLRQ7KLVSDSHUSURSRVHVDQHYROXWLRQDU\JDPHWKHRU\DOJRULWKP
XVHGWRVSHFLI\ZKLFKURXWHRUSDWUROOLQJVWUDWHJLHVHDFKDJHQWZLOOIROORZ7KHTXDOLW\RIWKHPXOWLDJHQWSDWUROOLQJ
VWUDWHJ\ LV GHILQHG E\ WKH RSWLPL]DWLRQ RI WKUHH GLIIHUHQW FRQIOLFWLYH REMHFWLYHV :,x ,5x DQG 7&x 7KH
VROXWLRQ RI WKH SUREOHP LV SUHVHQWHG DV D VHW RI QRQGRPLQDWHG 3DUHWR VROXWLRQV 7KLV VHW RI VROXWLRQV FRQWDLQV D
YDULHW\ RI VROXWLRQV ZLWK GLIIHUHQW REMHFWLYHV WKDW SURYLGH PXOWLSOH RSWLRQV WR WKH GHFLVLRQ PDNHU +RZHYHU WKLV
YDULHW\FRXOGEHDSUREOHP7KHUHIRUHDSRVW3DUHWRDQDO\VLVZLOOEHFRQVLGHUHGDVDIXWXUHUHVHDUFKLQRUGHUWRKHOS
WKHGHFLVLRQPDNHUWRVHOHFWDVROXWLRQDPRQJWKHVHW7KHUHLVVWLOOVHYHUDOSRLQWVWKDWKDYHWREHDGGUHVVHGLQIXWXUH
UHVHDUFKLQRUGHUWRPDNHPRGHOPRUHUREXVW7KHVHSRLQWVLQFOXGHWKHFRPSDULVRQDPRQJRWKHUPHWKRGVDQGWHVWLQJ
RI WKH VFDODELOLW\ RI WKH PRGHO WR VROYH ODUJHU SUREOHPV $GGLWLRQDOO\ PRUH FKDUDFWHULVWLFV ZLOO EH DGGHG WR WKH
GHIHQGHUDQGDWWDFNHULQRUGHUWRPDNHWKHPRGHOPRUHUHDOLVWLF

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